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Abstract

Background Apolipoprotein-E (APOE) genetic testing for Alzheimer’s disease is becoming more important as clini-
cal trials are increasingly targeting individuals carrying APOE-€4 alleles. Little is known about the interest in finding
out one’s genetic risk for Alzheimer’s disease in the general population. Our objective was to examine this in a sam-
ple of cognitively normal (CN) adults within a population-based online research registry with the goal to implement
APOE-€4 status for trial recruitment.

Methods An online survey was completed by 442 CN participants between the age of 49 and 75 years (56% female)
from the Dutch Brain Research Registry. The survey assessed interest in participation in research into, and disclosure
of, genetic risk for dementia. The survey assessed interest in participation in research into, and disclosure of, genetic
risk for dementia and knowing their genetic risk in different hypothetical risk scenarios (10%, 30%, and 50% genetic
risk for dementia at age 85, corresponding to APOEe2/€2 or €2/€3, APOEe3/e4 or €2¢4, and APOE-€4/€4 genotypes).
Cochran’s Q and post hoc McNemar tests were used to analyse differences in frequencies across scenarios.

Results Most participants were interested in participating in research into and disclosure of their genetic risk (81%).
The most reported reason was to contribute to scientific research (94%). Interest was higher in males, whilst lower-
educated participants were more often undecided. When provided with different risk scenarios, interest in knowing
their risk was somewhat higher in the scenarios with higher risk, i.e. in the 50% (79%) compared to the 10% scenario
(73%;)(2(2) =7.98; p=.005). Most individuals expected they would share their genetic risk with close relatives (77-89%),
would participate in medication trials (79-88%), and would make long-term arrangements, e.g. retirement, health
care, will (69-82%), with larger proportions for scenarios with higher hypothetical genetic risk.

Conclusions Our findings indicate that the vast majority of CN adults participating in a research registry expresses
interest in AD genetic risk research and disclosure. Interest in genetic risk disclosure is higher in scenarios correspond-
ing to the APOE-¢4 genotype. This suggests APOE-e4 screening within an online research registry is potentially a well-
received method to accelerate inclusion for trials.
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Introduction

Dementia prevalence is steadily increasing worldwide
and an important public health issue. Alzheimer’s dis-
ease (AD) is the most common cause of dementia
and accounts for 50-70% of dementia cases [1]. More
research into the prevention of dementia is urgently
needed, yet recruitment of research participants for
dementia research is difficult, which leads to delays,
underpowered studies, or convenience sampling [2]. For
prevention trials, it is important to select the appropriate
target population, namely individuals at risk for or in the
preclinical stages of Alzheimer’s disease. Finding these
individuals creates additional challenges [3], because they
often do not (yet) experience cognitive impairment and/
or information about the presence of AD pathology is
lacking. Screening for individuals with increased genetic
risk of AD increases the likelihood of finding individuals
with AD pathology who might want to participate in pre-
vention trials.

The cause of AD dementia is multifactorial with a con-
siderable genetic component (60—80%) [4]. In the general
population, the most important genetic risk factor for AD
dementia is the €4 allele of the apolipoprotein E (APOE)
gene [5—8] which is in found roughly 15-25% [9, 10]. This
genetic variant increases the lifetime risk of AD dementia
by threefold [11, 12], compared to the 15% lifetime risk in
the general population. In addition, individuals carrying
two APOE-¢4 alleles have an almost 15 times increased
risk compared to individuals carrying two APOE-€3
alleles [10, 13, 14]. Currently, several trials use APOE
status as an inclusion criterium in order to increase the
likelihood of including participants with AD pathology in
cognitively normal adults [15, 16]. However, for effective
identification and sizable recruitment of APOE-¢e4 carri-
ers, thousands of individuals will need to undergo APOE
screening. In addition, screen failures within trials can
reach up to 85% [17]. Consequently, screening for pre-
vention trials is a costly and lengthy process, Therefore,
improving recruitment and screening methods is a prior-
ity within dementia research [17-20].

Online registries can improve recruitment by limit-
ing screen failures to facilitate prescreening for at risk
participants. Online registries contain large numbers of
voluntary research participants and provide prescreen-
ing based on demographic, health, and/or cognitive
data. Currently, to our knowledge, a few population-
based participant recruitment registries also include
genetic information, for example the GeneMatch of
the Banner Alzheimer’s Institute [21], the GenePool
Study of the Brain Health Registry [22], and the But-
ler Alzheimer’s Prevention Registry [23]. Both Gene-
Match and GenePool do not disclose APOE test results
to registrants but only use this information to invite
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individuals for research participation. However, stud-
ies to which the registrants are invited may disclose
genetic results as part of the study’s enrolment and
screening process. A survey among 25,000 Brain Health
Registry registrants showed that the absence of genetic
disclosure was not indicated as a barrier to participate
in research, but registrants did express high levels of
interest in knowing their dementia risk [22].

Previous studies suggest that APOE disclosure can
be conducted safely [24—28] and effectively [29]. How-
ever, former disclosure studies were mostly performed
in specific settings and populations, for instance indi-
viduals with first degree family member with AD,
or with low levels APOE-g4 homozygotes and those
close to the estimated age of onset. Disclosure within
a younger, population-based sample thus remains con-
troversial, and restraint is advised by some due to a lack
of proven strategies to prevent or delay disease onset
[30]. Recently, the Butler Alzheimer’s Prevention Reg-
istry performed APOE genotyping and evaluated the
impact of risk disclosure within cognitively normal
community dwelling adults and concluded this was
safe and well tolerated [23]. They found that APOE-¢4
carriers volunteered more often to screen for preven-
tion trials; however, the number of randomised and
enrolled individuals did not differ among carriers and
non-carriers. Nevertheless, more knowledge is needed
into the interest in genetic susceptibility testing for AD
and its impact for cognitively normal individuals within
a research context.

Therefore, this study aims to investigate the interest in
genetic risk disclosure for dementia within the context
of research participation and how this relates to (i) par-
ticipant characteristics and (ii) different hypothetical risk
scenarios corresponding to the APOE genotypes and (iii)
the expected impact of risk disclosure among cognitively
normal individuals of the Dutch Brain Research Regis-
try (in Dutch: Hersenonderzoek.nl) [31]. The insights
obtained will contribute to adequate communication
strategies about research participation and genetic risk
disclosure, to facilitate implementation of genetic screen-
ing within a population-based research registry and ulti-
mately accelerate recruitment for AD dementia research.

Methods

Design

We conducted an online, cross-sectional survey among
cognitively normal individuals. The Medical Ethics
Review Committee of the VU University Medical Center
reviewed the study and provided a waiver for ethi-
cal approval. All participants provide online informed
consent.
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Participants and procedure

We included cognitively normal participants via the
Dutch Brain Research Registry (www.hersenonderzoek.
nl), a nationwide online registry for participant recruit-
ment for brain disease studies in the Netherlands [31].
The Dutch Brain Research Registry provides information
for a lay audience on currently recruiting studies, study
results, brain disease-related topics, and information on
study participation. Upon subscription, registrants fill out
a basic questionnaire about personal, health, and lifestyle
information. Based on this information and study-spe-
cific inclusion criteria, registrants are found to be eligi-
ble and invited to participate in research. For this study,
registrants between 49 and 75 years old without a self-
reported diagnosis of dementia or mild cognitive impair-
ment (MCI) were eligible. Using purposeful sampling, we
invited 1428 registrants via email, aiming for a heteroge-
neous sample regarding age, gender, education level, and
enriched with individuals having first-degree relatives
with dementia. In total, 442 registrants participated in
the study. Participants’ characteristics and self-reported
information about subjective memory complaints and
having first-degree relatives with dementia were obtained
from the Dutch Brain Research Registry.

Survey

First, we examined participant’s interest in participation
in genetic research and risk disclosure. Possible options
included the following: (1) interested in research partici-
pation and in risk disclosure, (2) interested in research
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participation but not in risk disclosure, (3) not interested
in research participation nor in risk disclosure, and (4)
undecided. Potential reasons for either being interested
in risk disclosure or not were rated on a 4-point scale (1
very unimportant, 2 = unimportant, 3 = important, 4
= very important). Reasons were formulated based on
recurring themes in prior research into genetic suscep-
tibility testing of AD [32, 33]. Participants who previ-
ously reported to be undecided rated both the reasons for
being interested and not being interested in risk disclo-
sure (Table 3). All participants could also provide other
reasons in an open text field. As additional participant
characteristics, we asked participants to estimate their
personal risk for dementia in comparison to the general
population (1 = much smaller risk, 2 = smaller risk, 3 =
similar risk, 4 = higher risk, 5 = much higher risk).

To examine interest in genetic risk disclosure in rela-
tion to the APOE genotypes, participants were presented
with three hypothetical scenarios, presenting different
risks of dementia risk at the age of 85. The APOE-gene
and AD dementia were not specifically mentioned in
the survey but were referred to as ‘genetic risk factor for
dementia. First, we informed them that the cumulative
risk for dementia at the age of 85 in general population
is 15%, and after, in random order, we presented scenar-
ios with cumulative risks of 10%, 30%, and 50% (Fig. 1)
[34]. These hypothetical scenarios correspond to low
risk (e2e2 or €23 genotypes), intermediate risk (e2e4 or
€3e4 genotypes), or high APOE-risk (e4e4 genotype) [34].
After reading each scenario, participants were asked if

A In the general population, the risk of dementia at the age of 85 is approximately 15%.
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9900000000000 00000e °* 85 out of 100 people do not have dementia by the age of 85.
® ® 6 0 0 O ® © 06 06 06 06 06 06 0 0 o
Sle e ele s /e 0 e s The risk of dementia changes if we know someone's genetic predisposition to
dementia.

. 15 individuals who have dementia at age 85
@ 85 individuals who dont have dementia at age 85 You now go to the first hypothetical risk scenario.
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Fig. 1 Images used in the survey to present cumulative dementia risk in general population (A) and hypothetical risk scenarios (B1, B2, B3).
Hypothetical risk scenarios B were presented to all participants in random order. After presenting a hypothetical scenario, participants answered
the question:‘If you have this xx% genetic predisposition to dementia, would you like to know?'and they rated statements about the possible

impact (Table 5)



Waterink et al. Alzheimer’s Research & Therapy (2024) 16:1

they were interested in knowing their genetic risk (‘If you
would have this genetic predisposition (xx%) to demen-
tia, would you like to know?’), and they rated eleven
statements about the possible impact of receiving this
risk information on a 4-point scale (1 = probably not, 2 =
maybe not, 3 = maybe, 4 = probably).

Data analyses

Participant characteristics (age, gender, education, self-
estimated dementia risk, having first-degree relatives
with dementia, and subjective memory complaints)
and responses to the questionnaire were analysed using
descriptive statistics and reported in frequencies. Fre-
quencies are presented in the number and percentage of
participants that answered the question (valid percent-
age). We grouped participants based on their interest in
genetic risk disclosure (interested, not interested, and
undecided). The relationship between participant char-
acteristics and the interest in risk disclosure was studied
using chi-squared tests. Comparisons between groups
were calculated with chi-square and the adjusted residu-
als for which we applied Bonferroni correction for multi-
ple comparison (p < 0.006).

For the hypothetical scenarios, to test whether the
proportion of participants interested and not interested
in risk disclosure (dichotomized by merging not inter-
ested and undecided) differed across the different risk
scenarios, we performed Cochran’s Q tests and post hoc
McNemar tests with a Bonferroni correction for multiple
comparison (p < 0.01). Participants with missing data in
any of the scenarios were excluded from the analyses. A
sensitivity analysis was performed to see whether par-
ticipants that not completed the hypothetical scenarios
differed from the ones that did. Whether the proportion
of participants endorsing possible impact statements of
risk disclosure in the scenarios differed was examined
with similar methods for which the four-point scale was
dichotomized (‘probably not’ merged with ‘maybe not’;
‘maybe’ merged with ‘probably’). We corrected for multi-
ple comparisons with a Bonferroni correction (p < 0.002).
Data analyses were carried out using the Statistical Pack-
age for Social Sciences (SPSS) version 26 (IBM Corp.,
Armonk, NY).

Results

Participant characteristics

Participant characteristics are presented in Table 1. We
included n = 442 participants with a mean age of 63+7
years of which n = 246 (56%) were female. A lower,
intermediate, or higher education level was present in
respectively 14% (n = 63), 49% (n = 217), and 37% (n =
162) of the participants. Subjective memory complaints
were reported by 35% (n = 155) and 44% (n = 195) had
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Table 1 Participant characteristics

Sample (n =442)

Sex, female (%) 246 (56%)
Age, mean (SD) 63 (7)
Education level®

Lower 63 (14%)

Intermediate 217 (49%)

Higher 162 (37%)
Subjective memory complaints, yes 155 (35%)
First-degree relatives with dementia, yes 195 (44%)
Self-estimated dementia risk”

Smaller risk 94 (21%)

Similar risk 214 (48%)

Higher risk 132 (30%)

Results are presented in % of total participants; subjective memory complaints
missing n = 3; having first-degree relatives with dementia‘unknown’n = 16. Self-
estimated dementia risk missing n = 2

@ Lower = primary school, lower level of secondary school or lower vocational
training. Intermediate = higher level of secondary school or intermediate
vocational training. Higher = higher vocational training, university or academic
education

b Compared to the general population

a first-degree relative with dementia. Sixteen partici-
pants reported to not know if they had first-degree rela-
tives with dementia. Almost half of the participants (n
= 214, 49%) estimated they had a similar dementia risk
as the general population; 21% (1 = 94) estimated a
(much) lower risk and 30% (n = 132) a (much) higher risk
(Table 1). Association of participant characteristics with
self-estimated risk compared are presented in Supple-
mentary Table 1.

Interest in research participation and genetic risk
disclosure for dementia

Figure 2 shows that most participants (n = 353, 81%)
were interested in both research participation and
genetic risk disclosure, whilst 13% (1 = 55) was left unde-
cided. A small proportion (n = 29, 6%) was not interested
in genetic risk disclosure, of which one third was not
interested in research participation.

Relationship between interest in genetic risk disclosure
and participant characteristics
Males and highly educated participants were more often
interested in research participation and genetic risk dis-
closure (both p < 0.05; Table 2). Participants with lower
education were more often undecided (p = .036). Interest
in risk disclosure was not related to subjective memory
complaints, having a family member with dementia, or
self-estimated risk for dementia.

In Table 3, all the reasons that were presented in the
survey for either being interested or not interested in the
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m Interested in research
participation and in risk
disclosure

m Interested in research
participation, but not in
risk disclosure

m Not interested in research
participation, nor in risk
disclosure

Undecided

Fig. 2 Frequencies of interest in participation in genetic research and risk disclosure. Results are presented in % of total valid; missing n =5

Table 2 Associations between participant characteristics and interest in genetic risk disclosure for dementia

Interested (n = 353) Not interested (n = Undecided Overall
29) (n=55) p-value
Age > 63 199 (57%) 19 (66%) 31 (57%) 630
Sex, female 185 (52%)° 22 (769%)° 37 (67%) .009
Education level
Lower 45 (13%) 3 (10%) 12 (22%)° .030
Intermediate 168 (48%) 14 (48%) 33 (60%)
Higher 140 (40%)° 12 (41%) 10 (18%)"
Subjective memory complaints, yes 125 (36%) 9 (32%) 19 (35%) 927
First-degree relatives with dementia, yes 158 (45%) 11 (38%) 24 (44%) 288
Self-estimated dementia risk® 466
Lower risk 73 (21%) 6 (21%) 15 (27%)
Similar risk 168 (48%) 17 (58%) 27 (49%)
Higher risk 112 (32%) 6 (21%) 13 (24%)

Results are presented in number of participants (% of total valid). Subjective memory complaints, missing n = 3; first-degree relatives with dementia, ‘unknown’n = 16

@ Compared to the general population. Differences were tested using chi-square. Post hoc analysis, after Bonferroni correction for multiple comparisons (p < 0.006),
showed difference with: Pless often reported compared to men; “more often reported compared to men; “more often reported compared to higher educated; °more
often reported then other groups; fless often reported then other groups. Significant levels are presented in bold

result of their genetic risk of dementia are listed includ-
ing the number and percentages of participants endors-
ing these reasons. The most important motivation for
being interested in risk disclosure was ‘I want to contrib-
ute to scientific research’; 94% (n = 381) found this (very)
important, followed by 87% (n = 354) endorsing ‘T want
to know my genetic risk; and 71% (n = 290) endorsing
‘My genetic risk might give me information about the
risk for my children/relatives’ (Table 3). Other reasons
in favour of disclosing genetic risk mentioned were (1) to
prepare for the future by arranging personal affairs and
inform family (e.g. euthanasia, care and housing) (n = 18,

4%) for example ‘to be able to anticipate in a timely man-
ner in terms of housing, and possibly care, if necessary’
and (2) to prevent or slow progression with medication/
lifestyle changes (n = 12, 3%) for example ‘to be able to
intervene earlier in the event of symptoms arising.

In those not interested in risk disclosure (n = 29, 6%,)
and those who were undecided (n = 55, 13%), the most
common reasons for not wanting to know were ‘I would
be very worried if I had an increased risk for developing
dementia’ (n = 69, 86%), ‘Dementia currently cannot be
prevented or treated’ (n = 60, 75%), and ‘The test will not
give me absolute certainty that I will develop dementia’
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Table 3 Number of participants endorsing reasons for either being interested or not interested in the result of their genetic risk of

dementia

(Very) important

Reasons for interest in risk disclosure (n = 406)
1. want to contribute to scientific research

2.1'want to know my genetic risk

3. My genetic risk might give me information about the risk for my children/family members

Reasons for no interest in risk disclosure (n = 80)

1. would be very worried if | had an increased risk of developing dementia
2. Dementia currently cannot be prevented or treated

3. The test will not give me absolute certainty that | will develop dementia
4.1do not want to know my genetic risk

5. My genetic risk might give me information about the risk for my children/family members, and | do not want to know this

6.1 am afraid of negative social consequences

381 (94%)
354 (87%)
290 (71%)

Results are presented as the number of participants (%) out of the total number participants that were presented with the statements; missing n = 6. Participants that

were undecided rated all reasons

Table 4 Interest in genetic risk disclosure of dementia in three
hypothetical risk scenarios (10, 30, or 50% risk of dementia at the
age of 85)

10% scenario (n  30% scenario (n  50%
=423) =416) scenario (n
=417)
Interested 308 (73%) 321 (77%) 330 (79%)
Undecided 63 (15%) 61 (15%) 58 (14%)
Not interested 52 (12%) 34 (8%) 29 (7%)

Results are presented in number of participants (% of total valid); 10% scenario,
missing n = 19; 30% scenario, missing n = 26; 50% scenario, missing n =25.
Hypothetical risk scenarios 10%, 30%, and 50% presented in random order to
all participants. For analysis, not interested and undecided were merged. Post
hoc McNemar test showed a difference after Bonferroni correction for multiple
comparisons (p < 0.01) between scenarios: interest in the 50% scenario was
higher compared to 10% risk scenario

(n = 54, 68%). One other reason that was mentioned by
one participant was ‘knowing to have increased risk of
dementia could possibly have consequences for my mort-
gage and insurances.

Hypothetical risk scenarios and impact statements

When presented the hypothetical risk scenarios cor-
responding to the APOE genotypes, interest in risk
disclosure was generally common with more than 70%
of the participants being interested across scenarios.
Nonetheless, interest varied across scenarios (1 = 409;
Ve Cochransq (2) =10.93; p < .004; Table 4), as significantly
higher proportion of participants are interested in dis-
closure in the 50% scenario (1 = 330, 79%) compared
to the 10% scenario (n = 308, 73%; post hoc analysis
CreNemar(2) =7.89; p = .005). No significant difference
was found in the proportion of interested participants
in risk disclosure between the 10% and 30% scenarios

nor between the 30% and 50% scenarios. Participants
who did not answer all hypothetical scenarios (one or
more scenario missing) were lower educated, more
often reported memory complaints, and less often had
a first-degree family member with dementia (see Sup-
plementary Table 3).

Finally, we asked how the information on (increased)
genetic risk would impact participants’ behaviour, by
providing them with eleven statements on possible
impact after each hypothetical risk scenario. The three
most endorsed impact statements of risk disclosure
across scenarios were (1) ‘I would share my genetic risk
with my close relatives’ (77-89%); (2) ‘I would participate
in medication trials’ (79-88%); and (3) ‘I would make
long-term arrangements, e.g. retirement, health care,
will’ (69—82%; Table 5). Most participants disagreed with
the impact statement ‘I would choose a less healthy life-
style’ (86%—90%). The proportion of participants endors-
ing the impact statements differed between hypothetical
scenarios, i.e. the expected impact increased when the
dementia risk increased (p < .002), except for the state-
ment ‘I would choose a less healthy lifestyle’ (p = .045;
Table 5). Post hoc analysis showed that all proportions
on the impact statements increased compared to the
10% scenario (p < 0.002). When comparing the 30% and
50% genetic risk scenarios, the proportions endorsing the
following two statements also differed ‘I would be wor-
ried about my risk of dementia’ (73% versus 80%) and ‘I
would feel sad’ (37% versus 49%) (both p < 0.002; Table 5
and Supplementary Table 3). Sensitivity analysis showed
that participants who did not answer all hypothetical
scenarios were more often lower educated, had subjec-
tive memory complaints, and less often had a first-degree
relative with dementia (Supplementary Table 2).
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Table 5 Percentage of participants endorsing impact statements
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Possible impact after receiving genetic risk, n (%) 10% scenario 30% scenario 50% scenario Overall
p-value
1.l would participate in medication trials 331 (79%) 355 (87%)° 363 (88%)° <.001
2.1'would share my genetic risk with my close relatives 322 (77%) 351 (86%)° 369 (89%)° <.001
3.1 would make long-term arrangements (e.g. retirement, health care, will) 289 (69%) 322 (79%)? 339 (82%)° <.001
4.1 would be mentally more active (e.g. starting a new hobby or making puzzles) 230 (57%) 272 (66%)° 278 (67%)° <.001
5. would exercise more 225 (54%) 260 (63%)° 277 (67%)° <.001
6.1 would eat healthier 215 (51%) 250 (61%)? 267 (65%)? <.001
7.1 would sooner do the things I've always wanted 214 (51%) 271 (66%)? 284 (69%)? <.001
8.1 would be worried about my risk of dementia 89 (45%) 298 (73%)° 332 (80%)* P <.001
9.1 would be worried about the risk of dementia for my children or family members 70 (43%) 257 (66%)° 279 (71%)° <.001
10. I would feel sad 99 (25%) 47 (37%)° 194 (49%)>° <.001
11.1would choose a less healthy lifestyle 39 (10%) 53 (14%) 52 (13%) 045

All participants rated the 11 impact statements after being presented with each of the three hypothetical risk scenarios, on a 4-point scale (1 = probably not, 2 =
maybe not, 3 = maybe, 4 = probably). Results presented in this table are numbers (% of total valid) of participants that rated the statement with a 3 or a 4. 10%
scenario, missing n = 19; 30% scenario, missing n = 26; 50% scenario, missing n =25). Overall, Cochran’s Q showed differences between scenarios in expected impact
regarding 10 out of the 11 statements (p-values < .001). Post hoc McNemar test showed the following differences between scenarios, after Bonferroni correction

for multiple comparisons (p-values < 0.002): 2more often endorsed compared to 10% risk scenario; Pmore often endorsed compared to 30% risk scenario (see

Supplementary Table 3). Significant p-values are presented in bold

Discussion

Our most important finding was that the vast major-
ity (81%) of cognitively normal participants recruited
from a population-based brain research registry wish to
know their genetic risk for developing dementia when
participating in genetic research. When presented with
three hypothetical dementia risk scenarios correspond-
ing to different APOE genotypes, participants were
more interested in genetic risk disclosure and more
likely to participate in medication trials, when the pre-
sented likelihood of developing dementia was higher.
APOE-€4 screening within an online research registry
thus seems to be a well-received method to facilitate
recruitment of individuals carrying APOE-g4 geno-
types for preclinical trials that include the disclosure of
genetic risk to participants.

Our finding of a high interest in genetic risk disclo-
sure is in line with previous studies in both individuals
at risk for AD dementia [35, 36] and in cognitively nor-
mal elderly [37-39]. Most frequently endorsed reasons
for interest were to contribute to scientific research but
also to inform themselves and their relatives about their
genetic risk for dementia and make long-term arrange-
ments, as similar to other studies [40, 41]. It is not sur-
prising that we found a high willingness for research
participation and genetic disclosure among research
volunteers of a brain research registry, as these individ-
uals may be more interested in personal health-related
information. Nonetheless, our sample also examined
the attitudes of participants without family members
with dementia of which less is known, and showed sim-
ilar levels of interest

In line with previous findings, we found that males are
more interested in risk disclosure than females [36, 42].
We did not confirm the previously reported association
with age [36, 43, 44]. In our study, interest in risk disclo-
sure was also related to education, as higher educated
individuals were more often interested and lower edu-
cated individuals more often undecided. Other studies
also found an increased interest in higher-educated indi-
viduals [37]; however, others showed opposite associa-
tion [38]. Variations in results may be due to differences
in age or specific settings and populations. Nonetheless,
these results give direction for tailored educational tools
and dissemination about risk disclosure and research
participation. Additionally, emphasising the importance
of this matter are the results of the sensitivity analy-
sis revealing that participants abstaining to answer the
hypothetical scenarios were lower educated, more often
had subjective memory problems, and less often had a
family member with dementia. Tailored educational tools
and dissemination could for example consist of videos
with detailed explanation about genetic risk and possible
impact and use language that is appropriate at B1 profi-
ciency to abate uncertainties about information provision
and enable a well-informed decision.

Interest in genetic risk disclosure was high in all hypo-
thetical scenarios corresponding to different APOE geno-
types (73-79%). Previous studies showed that expressed
interest in risk disclosure exceeds actual participation in
disclosure. For instance, only 24% of adult children of AD
patients with an interest in risk disclosure progressed to
actual disclosure [45], which was comparable to results
of genetic resting for Huntington disease in the 1980s
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[46—48]. Nonetheless, participants’ interest in risk dis-
closure was somewhat higher in response to scenarios
in which their hypothetical risk was higher. We expected
the lower risk scenario the be more favourable, because
of the higher chance to rule out dementia. However, our
findings indicate that higher genetic risk is especially rel-
evant for individuals to know, despite the uncertainty and
larger personal impact. Possible explanation of interest
in risk disclosure in all scenarios could be due to selec-
tion bias. Research volunteers within the Dutch Brain
Research Registry, specifically the ones participating
within this study, would probably have high interest in
genetic susceptibility testing independent of risk scenar-
ios. An additional explanation could be that participants
did not perceive the low-risk scenario (10%, correspond-
ing to the €2e2 or €2e3 genotypes) as significantly or
meaningfully lower than the presented general popula-
tion risk (15%). It must be noted that the concept of risk
is generally difficult to comprehend and we did not verify
how the hypothetical scenarios were understood. Never-
theless, Roberts et al. (2000) also found that the pros of
risk disclosure outweighed the cons for many individuals
and that individuals might underestimate the limitations
and risks of genetic testing and disclosure [49].

Previous studies found that disclosure does not lead to
significant depression or anxiety symptoms in APOE-e4
carriers in the short term, both in controlled research
trials [24, 25, 50] and in direct-to-consumer testing [51].
Hypothetical scenarios in the present study suggested
that genetic risk disclosure can trigger feelings of worry
and sadness. Surprisingly, we found this both for the low-
risk scenario (corresponding to €2€2 or €23 genotypes)
and (to a greater extent) in the high-risk scenario (cor-
responding to e4e4 genotype). This finding may be due
to prior worries about dementia which we did not take
into account in this study. Previous studies showed that
anxious and depressive feelings prior to genetic coun-
selling could be predictive for increase in psychological
distress after disclosure. However, the sense of relieve,
control, and positive behavioural changes after learn-
ing the results might outweigh the adverse psycho-
logical reactions [52]. Additionally, previous disclosure
studies emphasize the importance of guided counsel-
ling to reduce dementia concerns [27]. Another expla-
nation might be that a proportion of participants did
not fully grasp the hypothetical scenarios and results
about adverse psychological reactions might be an
overestimation.

On the other hand, disclosing APOE genotype may
have a positive impact in terms of health and life-
style changes, even after being informed none of these
changes were proven to prevent AD dementia [37, 53].
In the current study, we found that more than half of
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participants indicated that if they were to find out they
had an increased dementia risk, they would adopt posi-
tive lifestyle changes (‘I would be mentally more active/
exercise more/eat healthier)). However, actual behav-
ioural changes after genetic disclosure are expected to
be different from behavioural intentions expressed in
response to hypothetical scenarios. It is known that
changing behaviour is difficult because of complex inter-
play between intrapersonal and external factors like
motivation, behavioural capacity, and self-efficacy [54].
Moreover, endorsed behavioural changes may be associ-
ated with our specific study sample. As mentioned above,
individuals in the Dutch Brain Research Registry may
be more engaged with their personal health. In line with
this, a study of Christensen et al. (2015) showed that dif-
ferences in behavioural changes after genetic disclosure
were related to different recruitment strategies [55]. So,
implications from this study and other genetic disclosure
studies may not apply to populations that are less prone
to proactively seek out genetic susceptibility testing.
However, our results do underscore that a large number
of individuals wish to know their genetic risk and want to
take preventive actions, for example participate in clini-
cal trials or change health and lifestyle behaviour [56].
This could be due to the growing awareness of the rela-
tionship between healthy living and dementia risk reduc-
tion [57-59].

Younger age, having first-degree relatives with demen-
tia, and the presence of subjective memory complaints
were associated with a higher self-estimated dementia
risk compared to the general population but not with
interest in risk disclosure. One in three participants
believed their personal risk was higher than the general
population risk, which could be explained by the large
proportion of participants with first-degree relatives with
dementia and subjective memory complaints. Slooter
et al. (1998) estimated that 25% of the general popula-
tion aged 55 years and older have a first-degree relative
with dementia, compared to 44% within our study [60].
‘Dementia runs in the family’ or ‘I have memory com-
plaints’ were also the most endorsed reasons for higher
self-estimated risk. However, self-estimated high demen-
tia risk was not related to interest in risk disclosure. This
indicates that motives for risk disclosure are not exclu-
sively depended on one’s dementia risk perception and
that reasons can be very personal.

Commercially available direct-to-consumer genetic
screening tests including APOE genotype have become
more widely available, and the interest among the gen-
eral population in genetic susceptibly testing increases
[51, 61, 62]. With the current increase in interest in com-
mercially available APOE-genetic screening tests [45],
like 23andMe, and associated requests to explain genetic
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results [58], and growing demand of personalised demen-
tia risk reduction [56], the need for accurate education
about genetic risk and disclosure impact arises. Histori-
cally, genetic disclosure was assigned to medical doctors
providing education and information about impact. This
is however neither efficient nor scalable for a research
setting. Previous participant registries have successfully
used (remote) APOE genotyping as screening to recruit
participants [21, 22] and provided frameworks for scala-
ble genetic counselling and (telephonic) disclosure within
a research context [29, 63]. However, more research
is needed to align APOE-genetic disclosure protocols
within a research setting for cognitively normal adults
without first degree relatives with dementia [64]. Cur-
rently, evidence about safe disclosure to cognitively nor-
mal research volunteers is emerging [23, 64]. Our study
provides additional evidence of the generally positive
attitudes of cognitively normal adults towards genetic
screening for research purposes, and underscores the
high interest in disclosure.

Strengths and limitations

This study had several limitations; the present sample
was selected from the Dutch Brain Research Registry
[31], in which participants have registered because they
are potentially interested to participate in brain research
and genetic disclosure which limits the generalisability
of our findings to the general population. However, our
large sample provided the opportunity to study the effect
of multiple participant characteristics (age, gender, edu-
cation level, having first-degree relatives with dementia)
on the interest in risk disclosure. Secondly, participant
selection from a research registry provided us with a
representative of individuals who want to participate in
scientific research or prevention trials. Unfortunately,
we were not able include information about social-eco-
nomic status or racial background. We acknowledge the
importance to diversify the samples enrolling in genetic
susceptibility testing research, to generalise the findings
to the general population. Another possible limitation is
the online nature of the questionnaire, as we could not
control whether participants interpreted the questions
correctly, and hypothetical scenarios were understood.
Additionally, the present study investigated interest in
risk disclosure using hypothetical research participation
and personal risk scenarios. It is therefore important that
future studies examine actual participation in genetic risk
disclosure and its long-term impact in a real-life setting.

Conclusion

In conclusion, this study showed that most cogni-
tively normal adults enlisted in a research registry are
interested in research participation and disclosure
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of genetic dementia risk. Future studies are needed
to provide more insights into the actual impact and
attitudes after research participation and genetic risk
disclosure for dementia, ethical aspects, and ways
to provide appropriate counselling to enable a well-
informed decision and minimise the psychological
burden on member of a population-based research
registry. The next step would be to include genetic
screening within the Dutch Brain Research Registry
to optimise recruitment for clinical trial and research
studies.
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